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Abstract 
This paper presents the design and prototype implementation of a service based control system responsible for the material supply operations in 
assembly lines. Mobile Assistant Units (MAUs) are responsible for the transportation of the consumables from the warehouses to the production 
stations. A service oriented, web based software has been developed for the monitoring of the shop floor status and the parts’ supply dynamic 
scheduling, based on time and inventory. The proposed system has been applied to a case from the automotive sector demonstrating the ease of 
deployment and efficiency in the co-ordination of the mobile units’ operation. 
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Peer-review under responsibility of the scientific committee of the 5th CIRP Global Web Conference Research and Innovation for Future 
Production. 
 Keywords: Mobile robots; dynamic scheduling; service based control;  
 
1. Introduction 
The transition from mass production to mass customization 
has led to the need for designing flexible manufacturing 
systems that can handle the increased product variety [1]. 
Towards this direction, research has been done on algorithms 
[2] for efficient material flow, allowing effective production 
volumes [3-8]. However, the proposed approaches focus on 
scenarios where the material supply operations are performed 
manually. 
The latest trends in European manufacturing deal with the 
integration of intelligent search algorithms with mobile 
robotics applications in order to support material supply in 
production lines [9].  Despite the promising advances in this 
field [10-14] the proposed solutions are facing poor acceptance 
in real industrial environments. The majority of the proposed 
applications discusses the introduction of Autonomous 
Industrial Mobile Manipulators, but the main focus is given to 
the individual parts of the robotic application, such as the arm 
or the platform neglecting real use cases requirements [9]. On 
the other hand, current industrial practice involves the use of 
Automated Guided Vehicles (AGVs) but they lack flexibility, 
since they follow strictly define paths, while the 
loading/unloading of parts to/from the AGV is performed 
manually. Also, the need of humans to undertake planning 
activities and the absence of real time feedback of the shop 
floor’s inventory levels restricts the efficient material flow. 
This paper aims to overcome these limitations by 
implementing a Service oriented Architecture (SoA) that will 
enable the dynamic scheduling of material supply operations in 
a shop floor. Mobile Assistant Units are introduced (MAUs) 
[15] for the autonomous performance of such actions. 
 
 
Fig. 1. SoA schema for scheduling material supply operations. 
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These units can autonomously navigate in the shop floor, while 
comprise a linear mechanisms with a gripping device for 
performing the loading/uploaded actions. Through the 
proposed framework, a material supply scheduler along with 
the MAUs controllers are integrated into a central integration 
system that allows their online communication and exchange 
of data.  An online monitoring system of the inventory levels 
and the shop floor status are also implemented for providing 
real time feedback. This architecture will enable the online 
generation of efficient material supply plan based on the shop 
floor’s real time needs in consumables. 
2. Approach 
The current assembly systems are organized in assembly 
lines. Such lines involve several assembly stations where the 
various components of each product are assembled consuming 
different amount of parts such as rivets, screws, cables etc. [9]. 
The latter are stored in boxes located in fixed positions, inside 
each assembly station. Meanwhile, the same type of boxes is 
stored in warehouses located outside the stations. These boxes 
are used for replacing the available boxes in the stations when 
the latter are under depletion.  
Given the demand for mass customization, many assembly 
lines follow the mixed model assembly paradigm where 
different quantities of parts are consumed by the different 
models. This results in unbalanced inventory levels within each 
station. The increase in product variants and the pursuit for 
random production mix create the need for consumables and 
parts to be supplied to the stations in a dynamic way [9]. 
The proposed SoA schema, as shown in Fig. 1 comprises 
three different levels, namely the 1) Decisional level, 2) 
Execution Control level and the Physical Execution level. The 
Decisional and the Physical execution levels are connected 
through the Execution Control level, which is responsible for 
the decentralized integration and communication of the 
system’s individual components. In addition, a shared data 
repository has been integrated into the system.  
2.1. Shared Data Repository 
The implemented shared data repository that is integrated 
into the central system stores all the information, provided by 
the Manufacturing Execution System (MES), while monitoring 
the shopfloor’s status and inventory levels. The latter, provide 
information on the current activities, dispatched in the shop 
floor as well as on their status, while monitors the inventory 
levels in the assembly stations. The modules included in the 
decisional level have access to this monitoring system so as to 
retrieve the information concerning the inventory levels. In this 
way, access to the current quantities of the boxes with 
consumables is provided at each decision point. Under the 
material supply scheduler module, specific quantity values 
have been defined as thresholds for each one of the individual 
boxes. When the current quantity of one or more boxes is lower 
than the pre-defined thresholds, the scheduler identifies the 
need for these boxes to be replaced and the procedure of 
providing an efficient schedule for their replacement is 
initialized. 
2.2. Decisional level 
Since the identification of boxes that have to be replaced has 
been performed, the material supply requirement generation 
algorithm is triggered. This algorithm identifies the stations, 
where the boxes under depletion are located as well as the 
markets, where such boxes are stored into. Then, it 
automatically generates a sequence of tasks required for the 
replacement of each box, defining the precedence relations 
among these tasks as well. Three type of tasks have been 
defined: a) Movement tasks, when the MAU needs to travel 
from one location in the shop floor to another, b) Loading tasks, 
when the MAU needs to load a box from a market or a station 
onto its shelves and c) Unload tasks, when the MAU needs to 
unload a box from one of its shelves to a market or a station. 
The specific sequence of tasks required for the replacement of 
one box is listed in Table 1. 
Table 1. Task Sequence for the replacement of a single box. 
No. Task name Type of task 
1. Move to Market X Movement 
2. Load new box Loading 
3. Move to Station Y Movement 
4. Load empty box Loading  
5. Unload new box Unloading 
6 Move to Market X Movement 
7. Unload empty box Unloading 
2.2.1. Decision making framework 
The material supply scheduler is a decision making module 
responsible for the extraction of an efficient schedule of the 
required material supply tasks. This module has been based on 
hierarchical modelling (Fig. 2). The workload activities have 
been modelled at a three level breakdown namely, Orders that 
include Jobs and such Jobs include Tasks. Respectively, the 
facilities have being modelled at the two-level breakdown. This 
breakdown identifies the MAU resources that are able to 
perform a variety of material supply activities in the entire shop 
floor. A mapping among these two hierarchies, which indicates 
that the assignment of activities to the MAUs is performed has 
been defined with respect to the Task level. 
Under this study, the material supply problem has been 
formulated into a search problem using Artificial Intelligent 
techniques (AI), based on the described modelling. In Fig. 3, 
there is a presentation of a search tree formulation. In the latter, 
each level of the tree represents a group of tasks that have to be 
performed by the respective MAUs (MAU 1, MAU2, etc.). 
Each node of the tree represents the tasks that should be 
performed for the replacement of each individual box (Ti,j,k: 
index i stands for the destination station id, index j stands for 
 
 
Fig. 2. Workload and facilities Hierarchical Modelling. 
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Fig. 3. Search tree formulation of the material supply problem. 
the consumable box id and index k stands for the type of the 
box). Each branch of the tree represents a complete schedule 
alternative. Moreover, under this approach, the precedence 
relations among the tasks that need to be performed have been 
strictly defined and taken into consideration for the formulation 
of the alternatives. Last but not least, the MAU resources 
suitability constraints (availability, number of already carrying 
boxes in that instance etc.) define the candidate resources for 
each one of the tasks. 
After the formulation of the feasible alternatives for the 
tasks’ sequence and the resources’ assignments, the multi – 
criteria evaluation of such alternatives is being performed in 
order to result in an efficient schedule. These criteria concern 
the minimization of the time required for the performance of 
the tasks as well as the minimization of the distance that has to 
be covered by the MAU resources (cost criteria).   
2.3. Execution Control level 
The execution control level comprises all the mechanisms 
required for the integration and communication involved in 
both the decisional and the physical execution level. The 
material supply scheduler in order to be integrated into the 
central system consumes specifically exposed integration 
services with the use of a client developed in Java. This client 
allows the material supply modules, Backend user interfaces, 
hosted in a web portal to access the services offered by the 
integration system. The web based user interfaces can request 
actions from material supply modules. Moreover, the 
integration system integrates with the MAU interface system 
by utilizing both the peer-to-peer communication paradigm as 
well as the “publish-subscribe” paradigm through the 
implementation of  a set of Robot Operating System (ROS) 
services provided by the MAU’s controller system and by a set 
of services provided by the Integration System, in accordance 
with the communication and integration architecture. The main 
functionalities are also depicted graphically in Fig. 4. 
2.4. Physical execution level 
The lower level of execution, namely the physical one involves 
the MAUs controller as well as the web based user interfaces 
of the backend system. Through the integration system these 
components can receive feedback from the decisional level, 
concerning online updates of the material supply operations’ 
scheduling. 
 
Fig. 4. Material Supply main integration approach. 
3. Implementation 
In Fig. 5 there is a presentation of the proposed 
architecture’s implementation, by integrating the material 
supply scheduler and the MAUs available on the shop floor. In 
more detail, the backend user has access to a Graphical User 
Interface. In this GUI, the user can request to see all the 
necessary information, concerning the current shop floor status. 
These data are retrieved from the implemented repository 
through the integration system and the Java web services. After 
the user has had an overview of the shop floor status, he is 
enabled to ask for the requirements of the material supply based 
on this status. The material supply scheduler, running in Java, 
is triggered in order to generate the required material supply 
tasks.  Knowing the tasks that need to be performed from the 
existing MAUs, the user can request the extraction of the 
material supply schedule. During the evaluation of the different 
feasible alternatives, online information for the current position 
as well as duration estimations for each task are received from 
the available MAUs, through the integration system and the 
ROS and web services. The user can then proceed to save and 
execute the extracted schedule though GUI. During the 
execution of the material supply schedule, the MAUs provide 
the integration system with feedback as to the execution status, 
by sending signals each time that the execution of an assigned 
task begins and finishes. 
4. Case study 
The proposed architecture has been applied to a case study 
inspired from an actual production line of the automotive 
industry. In particular, the proposed framework has been 
implemented with the use of data from two assembly lines of a 
passenger vehicle’s production. The first line concerns the 
assembly of the vehicle’s wheel group, while the second line 
concerns the assembly of the vehicle’s rear axle. In this case, a 
production min of four different models is encountered in these 
lines (Table 2).  
The assembly line of the rear wheel (RWAL) consists of 
four stations, while the assembly line of the rear axle (RAAL) 
consists of seven stations, where the assembly operations take 
place at a particular cycle time for each one (Table 3).  
In total, there are twenty five boxes of consumables used on 
these assembly lines. With respect to the dimensions of the 
boxes, there are five different types (A, B, C, D and E). 
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Fig. 5. SoA schema implementation.
Table 2. The production volume for the four different types of vehicles 
 Model 
1 
Model 
2 
Model 
3 
Model 
4 
Production Volume Ratio 
(%) 
46.00 20.00 28.00 6.00 
Table 3. The actions in the assembly line of the rear wheel 
Assembly Line. No. of  Stations Cycle time 
RWAL 4 1,5 min 
RAAL 7 1,5 min 
 
More specifically, there are fifteen boxes of type A (30x15x20 
cm), one box of type B (40x30x30 cm), four boxes of type C 
(40x15x30 cm), four boxes of type D (60x30x40 cm) and one 
box of type E (51x9x40 cm) all of which are typical dimensions 
of boxes with consumables for the automotive industry. 
Similarly to the case described in Section 2, a different type and 
a different number of parts are required for each assembly step. 
When each one of these boxes is close to depletion, a 
replacement with a full box from the warehouse, is required.   
In the specific example, there are four warehouse areas in 
the factory. Each box has a specific “pick location” and a 
specific “place location” in the assembly area of the stations.  
In order for the testing of the proposed system to be 
performed, a factory simulation environment has been used, 
where four mobile units were available for the performance of 
material supply operations.  
The information concerning the assembly stations, the 
market areas as well as the boxes with consumables was stored 
into the data repository. The backend UI can retrieve such data 
via web services and can be visualized in a table format, as 
shown in Fig. 6.  
In Fig. 7, the status of the shop floor’s inventory levels is 
also presented using the data stored into the data base. At this 
decision point, three boxes are under depletion since their 
current quantity is lower than the respective predefined 
thresholds. Since this part depletion has been identified the user 
requests through the UI to automatically generate the tasks that 
should be performed for the replacement of the three boxes. In 
Fig. 8, the material supply task viewer is presented, providing 
the name of each task, the assigned box as well as the type of 
task listed in a table. After the generation of the required tasks 
for material supply, the decision making module of the 
implemented scheduler is triggered, thus resulting in the 
assignment of the tasks to the existing resources, based on the 
user defined criteria as shown in Fig. 9. The produced schedule 
indicates which tasks should be performed by the MAUs, their 
precedence relations as well as their dispatch time to the shop 
floor. 
5. Conclusions & Future work 
This paper discussed the implementation of a service oriented 
architecture that would enable the dynamic scheduling of 
material supply operations in an assembly system, using 
MAUs. Driven by the requirements of an actual production line 
of the automotive industry the proposed system aims to 
eliminate the stoppages of the assembly lines due to lack of 
consumables. The deployment of the proposed system allows 
the efficient material flow in assembly stations while 
decreasing assembly error due to part depletion leading to a 
significant increase of the production volume of the line.  
Moreover, the autonomous navigation of mobile assistant units 
result in flexible material supply actions against AGVs that 
require hard coded solutions. Last but not least, the full 
automation of the material supply process will eliminate the 
need of human labour for performing planning or 
transportation actions allowing them to focus on more value 
adding activities. The proposed architecture is open and 
enables the integration of multiple and varying characteristics 
MAUs through the use of service technology. The implemented 
system provides the following advancements: 
 
 
Fig. 6. Shop floor status viewer UI. 
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Fig. 7. Inventory levels status viewer UI. 
x Automatic generation of the requirements on material 
supply operations based on online feedback concerning 
shop floor’s inventory levels, 
x Dynamic creation of assignments of the required tasks to 
the shop floor’s available MAUs,  
x Online retrieval of information, concerning the execution 
status through ROS services and topics, 
x Online retrieval of detailed estimations, which require 
navigation and task execution time by the MAUs control,  
x Efficient handling of  large instances of the material supply 
problem, involving multiple assembly lines, stations and 
boxes using AI techniques, 
x Reduction of the required computation cost and effort 
x Minimization of part depletion occurrences, leading to an 
increase in the production volume, 
x Minimization of the distance covered by the MAUs, 
leading to the increase of these resources’ utilization and 
to a reduction in the idle time. 
 
Future study should focus on advancing and fine tuning the 
proposed system in order to render it applicable to real 
industrial environments. To this direction, integration with a 
factory’s legacy system should be performed.  
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